Introduction
Advanced luminescent materials find increasing demands in a variety of applications such as display devices, lamps, sensors etc. [1] [2] [3] [4] . RE 3? activated luminescent materials have fascinated an enormous attention because of their tremendous optical properties and wide ranges of applications [5] [6] [7] . Europium activated aluminates phosphors [M(Ca, Sr, Ba)Al 2 O 4 :Eu 2? ,RE 3? ] demonstrate a wide emission band of high intensity produced from electronic transitions 4f 7 ? 4f 6 5d 1 of the Eu 2? ions. This group of aluminate phosphors possesses several advantages in comparison to traditional sulfide based phosphors as lower chemical toxicity, lack of radioactive elements and high stability.
For the enhancement of photoluminescence intensity and persistency of Eu 2? activated aluminates phosphors, researchers generally introduce some RE 3? ions (Nd and Dy are most common) which act as coactivators, and this results in enhancement of luminescence as well as afterglow properties [8] . Eu 2? is a suitable activator for phosphor materials. As the f ? d transitions are electric dipole allowed transitions thus broad bands are observed for absorption as well as emission of Eu 2? doped host lattices [9] . Also the 5d wave function has a huge spatial extension thus transition line is generally widened, and it is influenced by the surrounding of Eu 2? ions. Therefore the different lattices environments provide different variation to the optical properties of the Eu 2? ions [10] . when it was calcined at 1400°C in reducing atmosphere. In current years, a lot of studies have been reported for the preparation of nano phosphor using various route of preparation such as solid state, sol gel spray pyrolysis, combustion route [16] , solution phase synthesis [17] and reverse microemulsion [18] . However these methods consume a lot of time and energy as well. This paper reports the rapid combustion technique of preparation of these materials that requires a very short period of time (in minutes). materials. Urea (NH 2 CONH 2 ) was used as fuel. Here two series were prepared. One series of the phosphors was prepared with only fuel and another series of these phosphors was prepared by using boric acid along with fuel. Boric acid was added in varying ratios (5-25 %) with respect to Eu 3? ion in order to optimize homogeneity and maximum brightness (suitable ratio of boric acid was found to be 11 % of its molecular weight for each addition of 0.01 M of Eu 3? ion). Urea was used as fuel for the combustion reaction and its amount was calculated balancing total oxidizing and reducing valences of the compounds. The precursors were mixed in small amount of deionized water and were placed into a silica crucible and then this crucible was inserted into a preheated furnace already set at 600°C. The reaction started within 2 or 3 min, the mixture boiled and underwent dehydration. Finally the mixture underwent decomposition, resulting in evolution of a large volume of gasses. Then spontaneous ignition occurred resulting in flame type combustion. Then whole process completed in less than 10 min and highly porous white nanopowder was obtained. The voluminous material was taken out and ground to a very fine powder. Fig. 1b . In an example the chemical reaction that took place in the combustion of the reactant may be represented as follows:
Characterization of nanophosphors
Photoluminescence excitation and emission specstra were carried out with Fluorimeter SPEX Fluorolog 1680 (USA) equipped with the SPEX 1934 D phosphorimeter having Xenon lamp as excitation source. Phosphors were characterized for presence of oxidation state of europium (either it exist in ?2 or ?3) with x-ray photoelectron spectroscope (Model/Supplier:PHI 5000 Versa Prob II).
The phase composition and crystal size of the phosphors were analyzed by Xrd patterns using Rigaku Ultima IV X-ray diffractometer, using Ni-filtered Cu Ka1 radiation). Morphology of the powder was determined by using Hitachi F-7500 transmission electron microscope (TEM).
3 Results and discussion
X-Ray diffraction analysis of phosphors
Xrd patterns of the prepared materials were obtained for diagnosing the crystal phase and were collected in 2h range of 15-70°. The XRD diffraction patterns of nano sized BaAl 2 O 4 samples prepared at 600°C are shown in Fig. 2 . The resemblance of the resulting diffraction patterns with the reference standard of the BaAl 2 O 4 (JCPDS = 82-2001) confirmed the presence of pure hexagonal structure in all phosphors of both the series without any impurities and that small amount of Eu doping and RE 3? codoping as well into BaAl 2 O 4 did not change the lattice structure. Thus no phase transformation or any impurity is observed after boric acid addition in sample. However when the higher H 3 BO 3 content (more than 15 %) was added in the lattice than a second phase also started to appear as a minor phase in the XRD patterns [19] . But here boric acid used was just 11 % of added Eu concentration hence only single hexagonal phase of BaAl 2 O 4 appeared. The peak nearly at 28.3°in all samples was the most intensive and the crystal sizes were calculated through it. The effect of boric acid on the formation of BaAl 2 O 4 crystals was investigated. The crystalline qualities as well as crystal size of synthesized phosphors were found improved on the addition of boric acid. XRD diffraction peaks were increased sharply when the boric acid was added, because boric acid facilitated easy incorporation of RE 3? ions into the lattice that assisted in the enhancement of the crystallinity, indicating it's stability and a weak effect on the crystal size. The crystal sizes were less than 100 nm and the influence of the boric acid and codopants on the formation of BaAl 2 O 4 crystals is shown in Table 1 . With the boric acid addition, the FWHM decreased to some extent, implying that BaAl 2 O 4 crystals grew to some extent with the addition of boric acid. The combustion temperature of product with boric acid were much higher than that of precursor without boric acid, as a result, the former exhibited a larger average crystallite size.
Further, average particle size (D) of Eu 2? doped BaAl 2 O 4 samples without boric acid and with boric acid were calculated from the full width half maximum (b) of the diffraction peaks, using Debye-Scherrer's method:
where 'k' is x-ray the wavelength (1.541 A°), 'h' is the Bragg's angle, 'k' is the constant depending on the grain shape.
The average calculated particle size of the prepared BaAl 2 O 4 :Eu 2? phosphors are in the range of 80-100 nm. All the details of size calculation are described in the Table 1 .
Morphology of phosphors
The morphology and crystallinity of the phosphors were analyzed by transmission electron micrographs. Figure 3a , b, c and Fig. 4a, b, c nanospheres prepared at 600°C without and with boric acid addition respectively. The BaAl 2 O 4 sample prepared at 600°C shows a relatively regular shape, and the average grain size is in the range of 80-100 nm. The samples of BaAl 2 O 4 phosphors prepared with the addition of boric acid were found to be having little increase in crystal size. Thus, after boric acid addition, the particle size slightly increases with change of morphology of BaAl 2 O 4 .
X-ray photoelectron analysis
The elemental composition in the Eu 2? doped BaAl 2 O 4 phosphor was analyzed by X-ray photoelectron spectroscopy as shown in Fig. 5 . In the present work phosphors 
Photoluminescence properties of nanophosphors
Two apparent absorption peaks between 260 and 400 nm (inset) are available in the absorption spectra of these and Ba 2? are also isovalence but have much difference in ionic sizes. Due to small ionic radii of Eu 2? than Ba 2? the contraction in crystal lattice will occur resulting in the emission to short wavelength [14, 22] .
Emission maxima, peaking at 491-495 nm, were observed attributable to the transitions 4f 6 5d 1 ? 4f 7 of Eu 2? . In the emission spectra, however, a low intense asymmetric emission peak was observed, emitting nearly at 440 nm only in phosphor compounds prepared by using flux, which is due to two Ba 2? sites taken by Eu 2? in BaAl 2 O 4 structure. The broad band emission at 491-495 nm is due to the host and the activator interaction, which can be accredited to the occurrence of an excited electron in the outer shell of the Eu 2? ion [23] . The mechanism of Eu 2? transition is shown in Fig. 7 . As boric acid facilitated the easy incorporation of RE 3? ions into the host lattice that helps in the enhancement of their optical properties. While without adding boric acid, the use of codopants showed a remarkable lowering effect on luminescence properties as well as on crystallinity [19, 24, 25] . H 3 BO 3 showed a vigorous role in enhancing the luminescence from the phosphor materials as H 3 BO 3 has very good solubility with the oxide materials employed [26] .
The emissive colors were analyzed and confirmed by using the Commission Internationale de Eclairage (CIE) chromaticity coordinate diagram. The color coordinates for the prepared phosphors are shown in Fig. 8 . The CIE diagram clearly shows the shifting of emissive color of BaAl 2 O 4 phosphors from green to bluish green region on adding flux (Table 2 ). nanophosphor showing bright luminescence (at 492 nm) could be used efficiently in further display and solar applications. 
Conclusion

